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Alterations in the proliferative capacity of human epidermis 
following topical exposure to structurally unrelated chemical 
irritants were investigated, with the aim of improving our 
understanding of the cellular changes that take place during 
the development of irritant contact dermatitis (ICD). 
Healthy volunteers were patch tested for 48 h with the fol-
lowing six irritants and their appropriate vehicle and occlu-
sion controls: 5% sodium lauryl sulphate (SLS), 0.5% benzal-
konium chloride, 80% nonanoic acid (NAA) , 0.02% 
dithranol, 0.8% croton oil, and 100% propylene glycol (PG). 
After the degree of inflammation induced was visually 
graded, biopsy samples were removed and the dividing kerati-
nocytes were identified immunocytochemically by using the 
monoclonal antibody Ki-67, with quantification being per-
formed on the basis of the number of positive celis/100 basal 
keratinocytes. Statistically significant increases in the density 
of proliferating cells occurred in the reactions to SLS, NAA, 
and PG, whereas, in contrast, dithranol caused a marked de-
crease in the number of dividing keratinocytes. Overall, the 
density of proliferating keratinocytes did not show a linear 
I n previous studies, we demonstrated that structurally unre-lated chemical irritants induce differing patterns of cellular damage to the epidermis when topically applied to human skin [1,2] . Keratinocytes, in particular, were found to display a diversity of morphologic appearances following 48 h patch 
testing, from which it was possible to hypothesize on the mecha-
nisms of action of some of the six irritants under investigation [1] . A 
predominant feature of the cutaneous response to the anionic deter-
gent sodium lauryl sulphate and one that was also seen, although to 
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relationship with the visually assessed intensity of inflamma-
tion, indicating that the changes observed were related to the 
chemical nature of the individual irritants and their specific 
biochemical interactions with the keratinocytes, rather than 
being the consequence of a generalized inflammatory re-
sponse. Differential release of epidermal cytokines and medi-
ators by the six irritants may account for these varying states 
of keratinocyte proliferation. Application of the Spearman 
rank coefficient of correlation revealed that the changes in 
mitotic activity of keratinocytes were unrelated either to the 
total density of leukocytes infiltrating the epidermis and 
dermis, or to the individual densities of the major phenotypic 
classes of inflammatory cells present. This makes it unlikely 
that the localized release of cytokines by infiltrating leuko-
cytes is, by itself, the primary factor in the alteration in epi-
dermal cell kinetics seen in ICD. Our results provide a fur-
ther demonstration of the diverse actions of different 
chemical irritants on human skin and emphasize the need to 
regard ICD as a heterogeneous disorder. ] Invest Dermatol 
99:449-453, 1992 
a much lesser extent, with croton oil was parakeratosis or the forma-
tion of a nuclei-retaining stratum corneum. Such an appearance may 
have a number of causes, including increased epidermal cell prolifer-
ation, accelerated keratinization, or direct cytotoxic injury [3] . Stud-
ies by Groth [4] and Fisher and Maibach [5] have shown that some 
irritants and allergens do, in fact, have the capacity to increase the 
mitotic activity of the epidermis during the course of the inflamma-
tory reaction, suggesting that an alteration in epidermal cell kinetics 
may be responsible, at least in part, for the observed parakeratosis. In 
the latter study, a solution of 5% benzalkonium chloride and a range 
of concentrations of sodium !auryl sulphate, maximal at 1 %, caused 
a rise in the mitotic activity of basal keratinocytes in human skin, 
with a peak increase occurring at 48 h. Hydrochloric acid, dimethy-
lacetamide, and lower concentrations of benzalkonium chloride, 
however, had no effect on epidermal proliferation and, interest-
ingly, it was noted that there appeared to be no direct relationship 
between gross inflammation and mitotic response. 
As an appreciation of the alteration in epidermal cell kinetics is 
important to our understanding of the histopathologic changes in-
duced by chemicals, an immunocytochemical study was made of the 
density of proliferating keratinocytes in 48 h patch test reactions to 
six structurally unrelated irritants, using the monoclonal antibody, 
Ki-67, which reacts with a human nuclear antigen expressed on all 
dividing cells during late G 1 , S, M, and G2 phases of the cell cycle [6]. 
Changes in the proliferative state of the epidermis as a result of 
irritant exposure were then analyzed, firstly, in relation to the in-
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tensity of inflammation induced, as judged by visual criteria, and, 
secondly, in relation to the degree of inflammatory cell infiltration 
into the epidermis and dermis, both in terms of total cell density and 
the densities of individual classes of leukocytes, in order to assess the 
influence of these factors on the mitotic activity ofkeratinocytes in 
ICD. 
MATERIALS AND METHODS 
Patch Testing The biopsies used in this study were identical to 
those utilized in our previous investigations [1,2]. Briefly, ten, 
healthy, non-atopic, male volunteers, with no past or present his-
tory of skin disease, were patch tested on the volar aspect of the 
forearm for 48 h, using 8-mm Finn chambers containing the follow-
ing chemicals, the concentrations of which had been determined in 
an earlier study [7]: 0.5% (w Iv) aqueous benzalkonium chloride 
(BC), 5% (w Iv) aqueous sodium !auryl sulphate (SLS), 0.8% (w Iw) 
croton oil (CO) in yellow soft paraffin, 80% (v Iv) nonanoic acid 
(NAA) in propan-l-ol, 0.02% (w /w) dithranol in yellow soft paraf-
fin, and 100% propylene glycol (PG). In addition, half of the indi-
viduals received patch test controls of yellow soft paraffin (ysp) and 
propan-l-ol (prop), with the remaining half receiving controls of 
distilled water and occlusion (occl) alone. 
Approval for the study was obtained from the Wycombe District 
Research Ethics Committee and all volunteers gave informed, writ-
ten consent. 
Visual Assessment of the Intensity of Inflammatory Re-
action Prior to biopsy, visual grades were assigned to each patch-
test reaction according to the following scale: 0 (no visible reaction), 
0.5 (scaling or faint, patchy erythema), 1 (weak erythema with mild 
edema), 2 (erythema with moderate edema), 3 (marked erythema 
with vesiculation). 
Biopsy and Sample Preparation Punch biopsies (4 mm) were 
removed from each of the patch-test sites, using 2% lignocaine as 
anesthetic. Samples of normal skin, from areas adjacent to the patch 
test sites, were also obtained from each volunteer. One-half of each 
biopsy was then embedded in OCT compound (Miles Scientific, 
Naperville, IL), frozen, and stored in liquid nitrogen for immuno-
cytochemistry, the other half being used in morphologic studies 
[1,2). 
Immunocytochemical Labeling Vertical cryostat sections (4-
f.1m thickness) were cut from five different areas (approximately 
150 f.1m apart) of each skin sample and collected and dried overnight 
at room temperature on 0.01 % poly L-lysine - coated slides. After 
fixation in acetone for 10 min at room temperature, the sections 
were transferred to phosphate buffer and then incubated in normal 
horse serum for 20 min followed by the Ki-67 antibody (DAKO 
Ltd., High Wycombe, UK), diluted 1 : 50 in buffer for 30 min. The 
antibody I antigen reaction was visualized using the avidin-biotin 
peroxidase technique (Vectastain ABC kit, Vector Laboratories, Pe-
terborough, UK) with 3'3 diaminobenzidine as chromogen. Coun-
terstaining was performed using Harris' hematoxylin. 
Quantification of Proliferating R;eratinocytes The sections 
were examined using an Olympus BHS microscope at a total mag-
nification of X 400. All of the Ki-67 positive keratinocytes in each 
section were counted by hand with the aid of a hemocytometer, and 
this was followed by a total count of all basal keratinocytes, includ-
ing stained and unstained cells. Where it was possible to distinguish 
them, positively labeled dendritic cells and leukocytes were not 
included in the quantification. For each biopsy, a mean value for the 
number of proliferating keratinocytes per 100 basal keratinocytes 
was then calculated by combining the results obtained from the five 
different sections. Mean values (± standard error of the mean) for 
the density of proliferating keratinocytes in normal skin (n = 10) 
and in the irritant-treated (n = 10) and vehicle and occlusion con-
trol (n = 5) groups were subsequently determined. 
Quantification ofInflammatory Cell Infiltrates The identi-
fication by immunocytochemistry of the major phenotypic classes 
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of leukocytes infiltrating these same patch test sites, and their quan-
tification in the epidermis and dermis, form the basis of a separate 
report. * However, the results for the following have been utilize.d 
herein to assess their influence on the proliferative state of the epI-
dermal keratinocytes: the epidermal and dermal densities of CD~: 
T cells, CD8+ T cells, Leu-M5+ macrophages, CDla+ dendn.tlc 
cells (epidermal densities given in [2], neutrophils, and interleukm-
2 receptor-positive lymphocytes; the epidermal density of HLA-
DR+ cells; the total density of leukocytes in the epidermis and 
dermis . 
Statistical Methods Statistical comparisons were made between 
the number of proliferating keratinocytes in each irritant group and 
that of its appropriate vehicle or occlusion control by using the 
Wilcoxon matched pairs signed ranks test. Only the results fro~ 
those individuals who had the relevant control patch test, in addI-
tion to the irritant-treated site, were included in this statistical analy-
sis (hence, n = 5 throughout). Statistical comparisons were als.o 
made between the vehicle and occlusion groups and their appropn-
ate normal skin samples. . 
Assessment of the possible relationship between proliferatmg 
keratinocyte density and intensity of inflammation (visual grade) 
was performed by using the Spearman rank coefficient of correla-
tion. 
The possible correlations between the density of proliferatil1:g 
keratinocytes and the individual densities of the m:0or phenotypIc 
classes ofieukocytes in the epidermis and dermis, as well as the to.tal 
number of inflammatory cells present in these areas, were also lll-
vestigated using the Spearman rank coefficient of correlation. P 
values of less than 0.05 were considered to be significant. 
RESULTS 
Proliferating keratinocytes with positively stained nuclear regions 
were generally located in the basal or suprabasallayers of the epider-
mis. Where increased numbers of dividing cells were present, nU-
clear staining of cells higher up in the epidermis also occurred. 
Varying degrees of diffuse and/or patchy cytoplasmic staining, 
paler than that of the dividing cells, were also present in other areas 
of the epidermis in the majority of samples, including the controls 
and normal skin (Fig lA). 
The mean number (+ SE mean) of proliferating keratinocytes ~or 
each irritant and control group is given in Fig 2. Significant lll-
creases in the density of dividing cells, when compared with appro-
priate vehicle and occlusion controls, were present in the responses . 
to SLS (Fig lB), NAA, and PG (all p < 0.05), with the forl1ler 
irritant giving the greatest increase in mitotic activity. In contrast, a 
significant decrease in the number of proliferating keratinocyteS 
was evident in the reactions to dithranol (p < 0.05) (Fig le). 
The Spearman rank coefficient of correlation indicated tha~ no 
linear relationship existed between the density of dividing keratU1O-
cytes and clinical grading (r = 0.004) (Fig 3). There was also no 
linear correlation between the density of proliferating keratinocyt~S 
and the total density of leukocytes in the epidermis and ?erl1ld (Table I, Fig 4A,B), nor between dividing keratinocyte densIty an 
the individual densities of any of the major phenotypic classes of 
inflammatory cells present (Table I). 
DISCUSSION 
This study has confirmed previous observations by Groth [4] and 
Fisher and Maibach [5] that at least some irritants cause changes. to 
the proliferative state of the epidermis as part of the pathophys~oh 
logic mechanism of cutaneous injury, a feature in common w~t 
other types of skin damage such as ultraviolet irradiation, tape striP-
ping, iricisional wounding, and friction [8-11]. 
Of the three irritants that in this investigation caused an increase 
in mitotic activity, only one, SLS, produced a prominent parakera-
---------------------------------------------------
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Figure 1. Section of normal skin immunolabeled with Ki-67 (A), demon-
strating the typical density of proliferating keratinocytes within the basal 
layers of the epidermis (positive cells identified by their darkly stained nu-
clei). Patch testing of the same individual with SLS resulted in a marked 
increase in the density of dividing cells (B) . In contrast, exposure to 
dithranol, again of the same individual, caused a dramatic decrease in the 
proliferative capacity of the epidermal keratinocytes (C) . Bars, 100 t£m. 
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Figure 2. Bar chart showing the effects of the different irritant chemicals 
and their appropriate controls on the density of proliferating keratinocytes in 
the epidermis (results are expressed as mean Ki-67+ cell density for each 
group + SE mean) . 
totic layer in the epidermis at the time period studied [1]. Although 
the mean density of the proliferating cells was highest with this 
particular irritant, this observation indicates that parakeratosis is not 
an inevitable outcome of increased proliferation, and it cannot there-
fore be assumed that the observed increase in mitotic activity was 
wholly responsible for its formation. Among other possible causes 
of this histopathologic feature are accelerated keratinization or di-
rect cellular damage resulting in a morphologic similarity to para-
keratosis, with the latter perhaps being the most likely, given the 
relatively short period of irritant exposure. 
The differential alteration in the proliferative state of the epider-
mis between the six irritants studied is of considerable interest, as it 
provides some insight into the biochemical and physiologic changes 
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Figure 3. Graph showing the relationship between the density of proliferat-
ing keratinocytes in the epidermis and the severity of the inflammatory 
response (results are expressed as the mean Ki-67+ cell density correspond-
ing to each visual grade ± SE mean). There was no linear correlation be-
tween these two parameters. " 
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Table I. Results of the Spearman Rank Coefficient Test (r) Carried Out to Investigate the Relationships Between the Density of 
Proliferating Keratinocytes and the Densities of Leukocytes Present in the Epidermis and Dermis 
Total Leukocyte CD4+ CD8+ Leu-M5 + CDla+ Il-2R + HLA-DR+ 
Density T cells T cells Cells 
Epidermis 0.185 -0.101 -0.151 -0.056 
Dermis 0.194 0.206 0.163 0.053 
that may be taking place in the skin during the development ofICD. 
Control of epidermal growth remains poorly understood, but a 
number of substances have been identified that influence and mod-
ify the normal growth patterns, among the~ some that may playa 
role in the irritant reactions to some chemicals. 
The cytokines interleukin-l (IL-l), IL-3, IL-6, IL-8, and granu-
locyte/macrophage colony-stimulating factor have all been shown 
to stimulate keratinocyte proliferation in vitro [12-14], as have the 
arachidonic acid metabolites 12-HETE, leukotrienes B4, C4, and D4 
[15,16], and prostaglandins, although the evidence for the latter is 
somewhat contradictory [16-19]. Because many of these mediators 
may be released by leukocytes of various phenotypes [20,21 J, it was 
important for the interpretation of our findings to ascertain whether 
there was any correlation between the observed densities of prolifer-
ating keratinocytes and the densities of the major classes of leuko-
cytes infiltrating the epidermis and dermis. Statistical analysis 
showed, in fact, that these parameters were not linearly related for 
any cell type nor for the total density of inflammatory cells present. 
Such results do not support the theories that the cellular infiltrate 
plays a major role in the mitotic changes seen in keratinocytes dur-
ing inflammation [22-24], but suggest instead that the individual 
irritants themselves are exerting rather more specific biochemical 
effects on the cellular components of the skin, and in particular the 
epidermal keratinocyte. This view is further strengthened by the 
absence of a linear relationship between the intensity of the inflam-
matory response, as judged by visual criteria, and the density of 
proliferating cells. 
At present very little is known about the mediators released from 
keratinocytes during the development of lCD, but there is some 
evidence to show that SLS induces the production of 12-HETE, 
IL-6, and IL-8 [25 - 27], which may account, at least in part, for the 
considerable hyperplasia observed with this particular irritant. Stud-
ies on the pharmacologic mechanisms underlying dithranol-in-
duced inflammation suggest that this chemical also causes the re-
lease of 12-HETE, as well as prostaglandins, during the course of 
the cutaneous response [28], but, in fact, dithranol was the only 
irritant in our series to produce a decrease in the density of dividing 
keratinocytes. This was not an unexpected finding, however, given 
the well-known ability of this therapeutic agent to modulate and 
control the hyperproliferation seen in psoriasis, a property that is 
believed to result from an interaction with keratinocyte nucleic 
acids leading to the inhibition of protein synthesis required for 
mitosis [29]. 
In addition to the possible effects of cytokines and other pharma-
cologic mediators on keratinocyte division, there are other potential 
mechanisms by which irritants may cause hyperproliferation of epi-
dermal keratinocytes, one of which relates to the capacity of some 
chemicals to disrupt cell membrane structure. Of the intracellular 
enzymes that are known to be membrane bound, adenyl cyclase, 
which catalyzes the synthesis of cyclic adenosine 3', 5' -monophos-
phate (cAMP) from ATP, is of particular significance. The role of 
cAMP in keratinocyte kinetics has been studied in some depth, and 
there appears to be an inverse relationship between its intracellular 
levels and the rate of proliferation, i.e., agents that increase intracel-
lular cAMP cause inhibition of proliferation and vice versa [30]. By 
disturbing or damaging cell membranes, chemicals such as SLS or 
PG, which have detergent or solvent activities, may well reduce the 
levels and/or availability of adenyl cyclase, leading to a reduction in 
cAMP and a subsequent increase in cell division. 
A further intracellular enzyme that is believed to influence the 
Cells Neutrophils Lymphocytes cells 
-0.272 0.219 -0.023 0.043 
0.232 0.284 0.217 
kinetics of keratinocyte proliferation, and that may be affected by 
the action of irritants such as SLS, is ornithine decarboxylase 
(ODe), which converts ornithine to putrescine and carbon diox~de. 
Stimulation of ODC following treatments such as mechamcal 
stripping of the skin has been associated with increased rates of 
DNA synthesis and stimulation [31]. Although there is lit.tie 
reported evidence on this, it is possible that some irritants do m-
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proliferating keratinocytes in the epidermis and the total density of lei ~ 
cytes infiltrating the epidermis (A) and the dermis (B). Statistical ana ySlS 
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duce ODC activity and hence stimulate keratinocyte prolifera-
tion. 
In conclusion, it would appear from this study that there are no 
consistent or predictable changes to the kinetics. of keratinocy~e 
division in 48 h irritant reactions. Where alteratIOns do occur III 
lCD, it is likely that these result from the specific biochemical 
actions of the irritant on the skin, rather than being the result of a 
generalized inflammatory response. A strong time-depend.ent fa~tor 
is almost certainly present, but could not be explored 111 thiS particu-
lar investigation. However, the di~erential changes reported ~ere 
provide further information regard1l1g the complex pathophysiol-
ogy ofICD, and again serve to highlight the heterogenous nature of 
this disorder. 
We wish to thallk all of the volunteers who participated itl tllestlldy, and Mrs. Brigid 
Not! for skillful typing of the manuscript. 
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